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Infant Death in Late Prehistoric Southeast Asia
SIAN E. HALCROW, NANCY TAYLES, AND VICKI LIVINGSTONE
INTRODUCTION
Of the three great crises of a Thai peasant's life-birth, marriage, and death-the
village is most vitally concerned with death.
-de Young 1963: 73
LEACH (1973) ONCE STATED THAT THE SOCIAL ORGANIZATION of prehistoric
communities were forever sealed in a "black box," and that archaeologists could
never truly know what was inside. He states in response to the New Archaeolo-
gists' claims of scientifically clarifying how these social systems work in the past
that "speculations about the workings of the sociological Black Box can never
rate better than 'well informed guesses'" (Leach 1973: 768). In contrast, Metcalf
and Huntington (1991: 25) maintain in regard to the archaeological analysis of
burial rites that "the study of death rituals is a positive endeavour because, regard-
less of whether custom calls for festive or restrained behaviour, the issue of death
throws into relief the most important cultural values by which people live their
lives and evaluate their experiences. Life becomes transparent against the back-
ground of death, and fundamental social and cultural values are revealed." Fur-
thermore, burial rites given to the young are especially useful for gaining insights
into social and cultural factors of the society from which they are drawn
(Renfrew and Bahn 2004: 119-200; Tainter 1978).
The high proportion of deaths around full-term gestation in the early phases of
the pre-metal site of Khok Phanom Di in central Thailand compared with other
excavated sites in Southeast Asia is an enigma (Tayles 1999). This is an important
issue in bioarchaeological analysis as the patterns and rates of subadult death are
argued to be important measures of population health (Mensforth et al. 1978;
Reidpath and Allotey 2003). To investigate whether this mortality pattern is
"real" as a result of poor health or due to a social custom or cemetery subdivision,
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the aim of this paper is to compare perinatal1 death distributions of Khok Phanom
Di with later periods represented by the other prehistoric Thai skeletal samples.
The consideration of social aspects of the prehistoric communities as reflected in
infant burial ritual is an innovative avenue to investigate this issue further. Ethno-
graphic information on infant burial rites in Southeast Asia and archaeological evi-
dence of infant burial treatment and social organization will be used to assist with
interpretation.
Although infant burial rites and practices have been described and documented
in many archaeological works on inhumation sites in prehistoric Southeast Asia
(e.g., Higham and Bannanurag 1990; Higham and Kijngam 1984; Higham and
Thosarat 1998; White 1986), a detailed comparative study of these mortuary
practices among several sites has not been investigated (Hudson 2002; O'Reilly
1999; Talbot 2002). Very rarely is bioarchaeology used to explore this social issue.
As certain burial rites and customs can have an effect on whether an infant is
included in a cemetery, and thereby an influence on the age distribution of the
infant component in archaeological contexts (La Fontaine 1986: 18; Mays 1993;
Scheuer and Black 2000), the study of age distributions is an important tool to in-
vestigate burial practices. A useful method is the analysis of perinatal age at death
distributions where age is estimated using long bone lengths. Tocheri et al.
(2005 : 328) attest to the usefulness of this endeavour. They state that, in addition
to providing information for demographic, epidemiological, and genetic research,
it can also give insights into religious ideologies and mortuary treatment (Tocheri
et al. 2005: 328). Furthermore, archaeological sampling bias needs to be consid-
ered in interpretation of perinatal age distributions.
It is uncommon to find a large proportion of perinatal skeletal remains repre-
sented at archaeological sites (Tocheri et al. 2005). These skeletal remains are
less likely to be preserved due to their fragile nature and greater organic compo-
nent (Gordon and Buikstra 1981; Guy et al. 1997; Walker et al. 1988). There is
also a problem of misidentification of these bones in an excavation context
(Scheuer and Black 2000). Perinatal burials may be missed in the excavation pro-
cess due to factors including bioturbation of soils that result in the disappearance
of grave cuts and a lack of grave goods indicating an interment. The area chosen
for excavation by the archaeologist may also have an impact on the recovery of
these individuals. These combined factors contribute to the apparent under-
representation of perinatal remains in most archaeological assemblages. In addi-
tion, there are many studies that infer cultural reasons for the underrepresenta-
tion of juveIlile skeletons in the archaeological context. As stated by Lewis
(2000: 40-41), "[w]hen using data derived from cemetery samples it is important
to remember that we are actually measuring burial rates and not mortality rates.
Cultural practices may dictate if, and where, certain individuals were placed with-
in a cemetery; non-adults are often clustered." These practices may include infan-
ticide and cemetery subdivision resulting in babies being buried in different places
from the main inhumation area (Hausfater and Hrdy 1984; Jamieson 1995; Mays
1998:23-25; Saunders 2000:136; Scrimshaw 1984). For example, it has been
shown in a number of historic African-American sites that infants and children
were interred away from main community burial places (Jamieson 1995; Ucko
1969 :271).
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SOCIAL ORGANIZATION IN LATE PREHISTORIC SOUTHEAST ASIA
Recent excavations at a number of sites in Thailand have increased the sample of
infants available for study from prehistoric Southeast Asia (Bayard 1971; Higham
2002; Higham et al. 2007; Higham and Thosarat 2004b; White 1986). These
samples provide a rare opportunity to investigate the issues mentioned above.
Archaeological evidence of social structure of the communities represented at the
individual sites have been discussed extensively in the literature (Bayard 1972;
Chang 2001; Higham 1996, 2002; O'Reilly 2001; Talbot 2002; Vincent 2004;
White 1986, 1995), and for the purposes of this article are not repeated here.
Rather, a brief overview of social organization development over time is pre-
sented to demonstrate some of the implications these changes have on mortuary
practices. The following overview focuses, for the most part, on the orthodox
view of social organization from sites in prehistoric Thailand following mainly
the works of Higham (1989, 2002). Although it is acknowledged that the use of
a typology as proposed by Elman Service (1962) is simplistic, and on some levels
not applicable to Southeast Asia, it is used here for comparative purposes to high-
light important social information in these societies that do not adhere to this
social evolutionary model.
At the start of the four-step scheme is the band level or hunter-gatherer society
(Renfrew and Bahn 2004: 179). This has an egalitarian social organization and in-
formal leadership. Archaeological sites with this form of social organization, due
to their mobile settlement patterns, consist mainly of seasonally occupied sites
and a smaller number of other specialized sites. Sites that adhere to this typology
have been found from South China to Myanmar, mainly in inland rockshelters
(Higham and Thosarat 1998: 25). These sites have been ascribed the name of
Hoabinhian after a "type-site" in Viet Nam and include Lang Rongrien in South-
west Thailand, Spirit Cave and Steep Cliff Cave in Northern Thailand, as well as
Tham Pra and Sai Yok in Viet N am (Anderson 1990; Gorman 1970). Represen-
tation of another type of prehistoric hunter-gatherer group has been found in the
rich coastal areas of central Thailand. The initial occupation phase at Nong Nor, a
site formerly located on an embayment of the coast of the Gulf of Thailand, is
characteristic of this adaptation (Higham and Thosarat 1998). Archaeological ana-
lysis indicates that there was a brief occupation of a few months at this site consis-
tent with a hunter-gatherer lifestyle (Mason 1998).
The next type of social organization in this scheme is termed a segmentary so-
ciety. These societies operate on a larger scale than bands and usually consist of
sedentary villages (Renfrew and Bahn 2004: 180). These communities operate in
an autonomous manner. Decisions affecting the community are made from with-
in, with no permanent hierarchy or elite group, and without any outside author-
ity (Higham 1998: 129). Analysis at the pre-metal hunter-gatherer site of Khok
Phanom Di has suggested that wealth oscillated between family groups over
an occupation of about 600 years (Higham 1989: 39; Higham and Thosarat
1994: 110). This analysis shows that in rich environments hunter-gatherer groups
can, contrary to commonly held assumptions, maintain a sedentary lifestyle and
develop distinctions in wealth and status.
The social trends seen at Khok Phanom Di were maintained to some extent
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with the appearance of bronze in Southeast Asia, much to the bewilderment of
social archaeologists (MuWy 1988: 16). Higham and Thosarat (1998), in reference
to Bronze Age cemetery sites in Southeast Asia, conclude that although no two
villages are alike, they follow a distinctive theme in that there is generally a mod-
erate differential between burial clusters indicative of a society where individuals
have the ability to achieve a higher status through their own merit. The lack of
large settlements a:np military paraphernalia from these sites is congruous with the
models of segmentary societies that have been proposed (O'Reilly 1999).
Another avenue to investigate the social organization at this time is to examine
the organization of copper production. White and Piggott (1996), through an ex-
amination of this prehistoric activity in Northeast Thailand, have concluded that
although mining and smelting reached industrial levels, it was carried out in small
seasonal groups with no evidence of overarching production controls. A strong
economic basis in community-based specialization does not adhere well with
theories of social complexity development where there is a general assumption
that this scale of production required an elite to control production (White 1995;
White and Piggott 1996).
This problem with identification of social forms with the introduction of the
Bronze Age in Southeast Asia proposed by existing archaeological theories is be-
ginning to be addressed by the consideration of alternative theoretical models of
social development (e.g., Crumley 1995: 3; O'Reilly 2001, 2003; White 1995).
However, recent excavation at the site of Ban Non Wat in Northeast Thailand,
with abundant evidence of prehistoric life from the Neolithic to the Iron Age
may challenge previous interpretations of social organization at this time. Of
interest to this discussion are the extremely rich burials in the early Bronze
Age, some of which are infants and children, argued to be indicative of a major
social change occurring at this time in prehistoric Southeast Asia (Higham pers.
comm.).
This organizational form met a major dislocation with the combined effects of
iron availability and external influences through increased exotic trade (Higham
2002: 170). This brings us to the third major form of social organization in Ser-
vice's (1962) typology, the chiefdom. This form of social organization is charac-
terized by increased complexity of social structure, productivity, population den-
sity, and the rise of institutionalized offices ofleadership (Peebles and Kus 1977).
The Mun River Valley in Northeast Thailand is a region where many sites that
conform to this organizational form have been identified. At these sites there is a
substantial increase in mortuary differentiation indicative of a rise of social status
differentiation with an emphasis on hereditary relationships. The range of grave
goods increases with a wider variety of materials being used, including iron, glass,
and combinations of bronze and iron (O'Reilly 1999: 289). O'Reilly (1999: 289-
290) proposes, on the assumption of the greater skills required to produce the
elaborate grave goods, that there was an increase in craft specialization and stan-
dardization and therefore centralization of the production of goods during this
time (Stein 1998). There is also evidence of an increasing amount of weaponry
indicating population stress and conflict (Chetwin 2001; Higham and Thosarat
1998; Talbot 2002). The rise in social inequality in the development of chiefdoms
laid the foundation for the transition to the state.
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ANALYSIS OF PERINATAL AGE AT DEATH AT KHOK PHANOM DI
AND THE OTHER PREHISTORIC THAI SITES
Aims
This study presents an analysis of the perinatal age at death distributions in prehis-
toric mainland Southeast Asia. The aim is to investigate the reason for the high
mortality at full-term gestation at Khok Phanom Di compared with later sites and
whether or not this difference in mortality is real or reflects differences in infant
burial treatment and hence a social custom of cemetery subdivision. Objectives
to fulfill this aim include an analysis of age at death distribution of the Khok Pha-
nom Di perinates compared with those from the later sites as well as to modern
age distribution data. Differences in evidence of social organization and a prelimi-
nary survey of whether infants were interred in burial jars or not among the sites
and ethnographical information on infant burial treatment will be used for inter-
pretation.
Estimation ofAge Using Long Bone Length
Although long bone growth is considered more variable than dental formation in
relationship to chronological age, the forming deciduous teeth in perinatal indivi-
duals are tiny and often not recovered in archaeological contexts. The estimation
of dental age from available standards that have the first stage of dental develop-
ment at around birth results in less precise age categories compared with long
bone lengths (Moorrees et al. 1963). The use oflong bone lengths for the estima-
tion of age are also advantageous because bone growth and development is very
rapid at this time, which results in large differences in bone length between age
categories (Jeanty and Romero 1984). Because of this it has been argued that
interindividual variation of long bone lengths for age is minimal in the perinatal
period and only really becomes an issue in older children (cf. Lancaster 1990;
Mays 1998: 42-43).
Comparative Perinatal Age at Death Distributions
The age distributions of modern perinatal deaths and births are useful in the inter-
pretation of archaeological mortality data and have been used by bioarchaeologists
to infer possible causes of death in perinatal samples (Mays 1993, 2003; Tocheri
et al. 2005) (Fig. 1). Good comparative data on perinatal death is available for
white children around the middle of last century from North America and En-
gland (Butler and Alberman 1969; Gibson and McKeown 1951; Hoffman et al.
1974). Mays (1993: 886) using data from Hoffman et al. (1974) on white U.S.
children born in 1968 observed that the distribution of stillbirths was skewed to-
wards the earlier gestation periods (Fig. 1A). This distribution peaks at around
full-term but this is not very pronounced (Mays 1993: 886). These data showed
an increase over time in the percentage of stillbirths occurring during the third
trimester. Mays (1993: 886) noted from Gibson and McKeown's (1951) data that,
similarly to that observed for stillbirths, the distribution oflive births dying within
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Fig. 1. Age at death and -birth distributions of modern perinatal individuals (from Mays 1993: 885). Key: A = modern stillbirths; B = modern live births dy-
ing within seven days of birth; C = total modern live births.
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the first week after birth also showed a pattern of skewness toward the earlier
gestational ages (Fig. 1B). The distribution again peaked at full-term and is more
pronounced than is the case for stillbirths. It should be noted, however, that apart
from the pronounced peak in death of live born infants around full-term there
seemed to be a decline in death through the third trimester. These data showed
that death around the time of birth occurred more frequently in the pre-term
baby and the incidence of death in utero was more common as the perinate neared
full-ternl gestation. This pattern was also shown in a study of perinatal mortality
in Britain in 1958 where the ratio of stillbirths to neonatal deaths increases during
the third trimester (Butler and Alberman 1969: 171). Butler and Alberman
(1969: 169) argued that this pattern may be explained by the clinical observation
that infants born pre-term were more likely to result in neonatal death due to
their immaturity and therefore inability to cope after birth. Conversely, they
argued that prenatal deprivation may cause intrauterine death (Butler and Alber-
man 1969: 169). The distribution of gestational age of live births had a normal
distribution with a higher peak at full-term than the age distribution of death after
live birth (Fig. 1C; Hoffman et al. 1974).
The Infanticide Issue
Infanticide or the killing of babies around the time of birth has been documented
in all continents in different times in history as well as modern times (Hausfater
and Hrdy 1984; Langer 1974; Mays 1993: 883; Williamson 1978). The identifica-
tion of this practice in an archaeological context is extremely difficult (Scott
1999: 66). Smith and Kahila (1992) have produced a study on a large collection
of infant bones excavated from a late Roman site at Ashkelon in Israel. Using
long bone lengths and dental data they aged the perinates as around full-term.
Based on this observation, the burial context and historical information on infan-
ticide the authors argued that this site was a disposal area for unwanted babies.
Smith and Kahila (1992) found that on sectioning a sample of teeth that none
exhibited neonatal lines. Because of this, the findings that the infants had a nar-
row range oflong bone lengths and were disposed of in a sewer, it was concluded
that they were probably victims of infanticide (Smith and Kahila 1992).
Mays (1993) produced a valuable study on perinatal death in Romano-British
sites. The age distribution at the combined sites was compared with that of the
British medieval site of Wharram Percy and other modern perinatal gestational
age at death and birth distributions as discussed above (Hoffman et al. 1974). The
age distributions from the Romano-British sites had a pronounced peak at around
full-term whereas Wharram Percy had a much flatter distribution with little cen-
tral tendency. These differences have been shown to be statistically significant
(Mays 1993). In comparison with gestational age data of stillbirths, deaths a few
days after a live birth, and live births it was suggested that the perinatal age distri-
bution from Wharram Percy was very similar to stillbirth and death soon after
birth. Comparatively, the age distribution from the Romano-British sites was
very similar to that of live births (Mays 1993). Mays (1993) argued on this basis,
and using historical information, that the mortality results at the Romano-British
sites were likely to represent the practice of infanticide. However, as discussed
TABLE 1. DETAILS OF THE THAI PERINATAL SAMPLES INCLUDING REGION, CEMETERY DATES,l SAMPLE SIZE, AND NUMBER WITH MEASURABLE
LONG BONES
SITE AND PREVIOUS
BIOARCHAEOLOGICAL RESEARCH
Khok Phanorn Di
(Domett 2001; Tayles 1999)
Non Nok Tha
(Douglas 1996; Pietrusewsky
1974a, 1974b)
Ban Chiang
(Douglas 1996; Pietrusewsky 1978,
1982, 1984, 1997; Pietrusewsky
and Douglas 2002a, 2002b)
BanLurn Khao
(Domett 2001)
Ban Na Di
(Domett 2001; Houghton and
Wiriyaromp 1984)
Noen V-Loke
(Nelsen 1999; Tayles and Buckley
2004; Tayles et al. 1998)
Muang Serna
(Pureepatpong 2001)
REGION
SE Thailand (Bang
Pakong region)
NE Thailand (Chi
River Valley)
NE Thailand
(Songkhram River)
NE Thailand (Mun
River Valley)
NE Thailand
(Songkhram River)
NE Thailand (Mun
River Valley)
NE Thailand (Mun
River Valley)
CEMETERY DATES
4000-3500 B.P. (Higham and Thosarat
1994)
Varied dates 4800-1800 B.P. (Bayard
1971; Douglas 1996: 57;
Pietrusewsky and Douglas
2002a: 221). Higham (1996: 191)
prefers an initial occupation between
4000-3500 B.P. with the bulk of
occupation from 3500-3000 B.P.
4100-1800 B.P. Mostly from 4100-
2300 B.P. (Higham and Thosarat
1998; Pietrusewsky and Douglas
2002a:5)
3000-2500 B.P. (Higham and Thosarat
1998:114)
2900-2400 B.P. (Higham 2002: 138)
c. 2300-c. 1500 B.P. (Higham
2002: 197)
c. 2000-c. 1500 B.P.2 (Pureepatpong
2001; Thosarat, pers. comm.)
Total
TOTAL
PERINATAL
SAMPLES
51
4
6
15
10
28
7
121
NUMBER OF PERINATES
WITH MEASURABLE LONG
BONES (PERCENT OF TOTAL
PERINATAL SAMPLE)
49 (96.1%)
2 (50.0%)
5 (83.3%)
11 (73.3%)
9 (90.0%)
12 (42.9%)
5 (71.4%)
93 (76.9%)
1 It is noted that there is considerable disagreement on the cemetery dates for the sites of Non Nok Tha (Bayard 1996; Higham 1996) and Ban Chiang (Glover
and Syme 1993: 48; White 1997)
2No radiocarbon dates available, aged by material artifacts as late Iron Age (R. Thosarat, pers comm.)
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later, a large number of studies from past populations have shown similar perinatal
age distributions to that seen at the Romano-British sites.
Materials and Methods
This study investigates perinatal age at death from seven sites from different loca-
tions and time periods in late prehistoric mainland Southeast Asia, all of which are
in present-day Thailand (Table 1 and Fig. 2). Khok Phanom Di is the only site
that has individuals represented from the pre-metal period. Although Non Nok
Tha and Ban Chiang have temporal sequences that span pre-metal to metal
Fig. 2. Locations of sites in Southeast Asia.
TABLE 2. DIAPHYSEAL LENGTHS FROM THE THAI PERINATAL SKELETAL SAMPLE (n = 93) WITH SINGLE AND MEAN GESTATIONAL AGE
ESTIMATIONS FROM REGRESSION METHODS
DIAPHYSIS LENGTH (mm) PERINATAL GESTATIONAL AGE ESTIMATION (IN WEEKS)
SITE AND BURIAL H U R FM T FB RI.OI RI.02 RI.04 R4·0 I R4·03 RH RU RR RFM RT RFB MEAN
KPD B5.1 58.1 55.0 48.9 65.5 59.4 - 35.8 36.0 35.2 34.5 34.9 35.6 36.5 36.5 35.8 37.4 - 35.8
KPD B5.2 57.2 52.3 47.7 65.1 58.6 55.2 35.2 35.7 35.1 34.4 34.4 35.1 34.9 35.7 35.6 36.9 37.3 35.5
KPD B34 63.5 60.7 53.3 71.7 63.2 - 38.3 38.1 37.2 37.0 37.9 38.5 40.2 39.6 38.2 39.5 - 38.5
KPD B46 74.8 67.9 - - - - - - - 44.1 45.1 45.2 - - - - 44.8
KPD B48 65.2 - 53.1 76.2 67.8 - - 40.0 38.7 38.7 38.8 39.5 - 39.5 39.9 42.3 - 39.7
KPD B49 64.1 - - - - - - - 38.2 38.9 - - - - - 38.6
KPD B50 62.1 55.6 48.7 73.1 63.5 59.3 38.1 38.4 37.7 37.5 37.1 37.8 36.9 36.4 38.7 39.7 39.8 38.0
KPD B51 - - 49.2 - - - - - - - - - 36.7 - - - 36.7
KPD B52 60.5 - 48.6 68.3 - - - - 36.1 35.6 36.2 36.9 - 36.3 36.9 - - 36.3
KPD B54 55.8 51.1 43.8 - 56.8 51.6 - - - - 33.6 34.4 34.2 33.1 - 35.9 35.1 34.4
KPD B55 59.2 53.6 47.6 66.8 59.8 - 36.0 36.3 35.6 35.0 35.5 36.2 35.7 35.6 36.3 37.6 - 36.0
KPD B59 61.6 58.8 51.6 - 64.4 - - - - - 36.8 37.5 38.9 38.4 - 40.2 - 38.4
KPD B65 58.5 52.3 72.3 63.2 60.1 - 38.2 37.4 37.2 - - 38.7 38.9 38.4 39.5 40.3 38.6
KPD B66 64.8 60.0 53.2 73.8 64.6 61.6 38.9 38.8 37.9 37.8 38.6 39.3 39.7 39.6 39.0 40.3 41.3 39.2
KPD B68 - 61.4 55.1 77.0 - - - 39.0 39.0 - - 40.6 41.0 40.2 - - 40.0
KPD B69 58.2 - - 70.0 - - - 36.7 36.3 34.9 35.7 - - 37.5 - - 36.2
KPD B70 64.2 60.1 52.5 73.8 64.7 - 38.9 38.8 37.9 37.8 38.2 38.9 39.8 39.1 39.0 40.4 - 38.9
KPD B71 - - 69.4 - - - - 36.5 36.0 - - - 37.3 - - 36.6
KPD B75 63.3 - 53.7 74.0 66.2 60.9 - 39.2 38.0 37.9 37.7 38.4 - 39.9 39.0 41.3 40.9 39.1
KPD B78 60.5 - - 70.4 64.0 - 38.0 36.8 36.4 36.2 36.9 - - 37.7 40.0 - 37.4
KPD B80 61.8 57.2 50.2 70.0 63.0 59.5 37.6 37.7 36.7 36.3 36.9 37.6 37.9 37.4 37.5 39.4 40.0 37.7
KPD B81 61.5 - - 71.0 63.7 60.2 - 38.0 37.0 36.7 36.8 37.4 - - 37.9 39.8 40.4 38.0
KPD B84 - - - 76.0 67.1 62.3 - 39.8 38.7 38.6 - - - - 39.8 41.8 41.8 40.1
KPD B85 60.9 - 51.6 - - - - 36.4 37.1 - 38.4 - - 37.3
KPD B98 66.5 - - 77.4 - - - 39.1 39.2 39.5 40.2 - - 40.3 - - 39.7
KPD B99 68.6 - - - - - - 40.7 41.4 - - - - - 41.1
KPD Bl04 63.3 - - - - - - - - - 37.7 38.4 - - - - 38.1
KPD Bl05 68.0 - - - - - - - - 45.2 - - - - 45.2
KPD Bl08 59.4 53.4 73.9 65.9 63.6 - 39.1 38.0 37.8 - - 39.3 39.7 39.0 41.1 42.6 39.6
KPD B1ll 64.1 58.9 - - - - - - 38.2 38.9 39.0 - - - - 38.7
KPD Bl14 - - 54.7 - 66.4 - - - - - - - 40.7 - 41.4 - 41.1
KPD Bl16 - - - 79.0 69.0 65.4 - 40.8 39.7 39.8 - - - - 40.9 43.0 43.9 41.4
KPD Bl18 64.5 61.7 54.4 73.7 66.7 63.1 39.3 39.3 37.9 37.7 38.4 39.1 40.8 40.4 38.9 41.6 42.3 39.6
KPD Bl19 65.8 - 50.6 76.1 65.7 60.8 - 39.5 38.7 38.7 39.1 39.8 - 37.7 39.8 41.0 40.8 39.5
KPD B124 65.7 62.9 53.8 75.6 67.3 64.2 40.0 39.8 38.5 38.5 39.1 39.8 41.7 40.0 39.6 42.0 43.0 40.2
KPD B125 65.4 59.3 51.4 76.9 68.6 63.5 40.1 40.3 39.0 39.0 38.9 39.6 39.3 38.3 40.1 42.8 42.6 40.0
KPD B126 64.5 59.4 - 74.6 65.1 62.0 - 39.1 38.2 38.1 38.4 39.1 39.3 - 39.3 40.6 41.6 39.3
KPD B127 66.7 60.5 54.3 74.4 66.6 63.1 39.4 39.4 38.1 38.0 39.6 40.3 40.0 40.4 39.2 41.5 42.3 39.8
KPD B128 68.5 64.6 - 77.6 68.1 - 40.4 39.2 39.3 40.6 41.4 42.8 - 40.4 42.4 - 40.8
KPD B134 80.3 71.5 - - - - - - - 47.1 48.5 47.8 - - - - 47.8
KPD B136 65.0 59.8 51.8 74.5 65.2 - 39.1 39.1 38.2 38.0 38.7 39.4 39.6 38.6 39.2 40.7 - 39.1
KPD B138 60.0 59.2 49.9 73.0 62.2 60.0 38.1 38.1 37.7 37.5 35.9 36.6 39.2 37.2 38.7 38.9 40.3 38.0
KPD B139 60.4 59.2 - 74.8 62.2 - - 38.4 38.3 38.2 36.1 36.8 39.2 - 39.3 38.9 - 38.2
KPD B141 63.6 59.0 50.7 73.8 63.3 59.5 38.6 38.5 37.9 37.8 37.9 38.6 39.1 37.8 39.0 39.6 40.0 38.6
KPD B143 64.0 57.6 50.8 75.1 64.3 38.8 39.0 38.4 38.3 38.1 38.8 38.2 37.8 39.4 40.2 - 38.7
KPD B144 63.2 57.3 51.6 74.3 62.7 59.9 38.3 38.5 38.1 38.0 37.7 38.4 38.0 38.4 39.1 39.2 40.2 38.5
KPD B146 64.0 57.9 49.7 71.1 63.1 - 38.1 37.9 37.0 36.7 38.1 38.8 38.4 37.1 37.9 39.5 - 38.0
KPD B151 65.5 62.6 55.4 75.8 68.8 64.2 40.1 40.2 38.6 38.6 39.0 39.7 41.5 41.2 39.7 42.9 43.0 40.4
KPD B153 66.0 - - 76.0 - - - - 38.7 38.6 39.2 39.9 - - 39.8 - - 39.2
NNT 1968 B7A - - - - 53.6 - - - - - - - - - 34.2 - 34.2
NNT 1968 B86A 63.2 - - - - - - - 37.7 38.4 - - - - - 38.1
BC(ES) B48 - - 53.4 74.4 65.8 62.3 - 39.2 38.1 38.0 - - - 39.7 39.2 41.1 41.8 39.6
BC(ES) B63 59.6 56.6 50.6 - - - - - - 35.7 36.4 37.5 37.7 - - - 36.8
BC(ES) B64 62.0 - - 70.7 - - - - 36.9 36.6 37.0 37.7 - - 37.8 - - 37.2
BC(ES) B66 - 41.7 - 50.1 - - - - 30.1 28.5 - - 29.0 - 29.9 - 29.4
BC(ES) B77 65.5 - 54.2 77.4 - - - - 39.1 39.2 39.0 39.7 - 40.3 40.3 - - 39.6
BLKB3 70.0 65.0 58.4 - - - - - - - 41.5 42.2 43.1 43.5 - - - 42.6
BLKB9 - - - - 68.4 - - - - - - - - 42.6 - 42.6
BLK B14 54.9 - - 64.1 - - - - 34.7 34.0 33.1 33.9 - - 35.3 - - 34.2
BLKB50 - - - 81.7 68.4 - 41.2 40.5 40.9 - - - - 42.0 42.6 - 41.4
BLKB58 65.8 - - - - - - - - 39.1 39.8 - - - - - 39.5
BLKB62 81.0 - - - - - - - - - 47.5 49.0 - - - - - 48.3
(Continued)
TABLE 2 (Continued)
DIAPHYSIS LENGTH (mm) PERINATAL GESTATIONAL AGE ESTIMATION (IN WEEKS)
SITE AND BURIAL H U R FM T FB Rr.OI Rr.02 RI.04 R4·0I R4·03 RH RU RR RFM RT RFB MEAN
BLKB70 - 52.7 - 66.5 - - - - 35.5 34.9 - 35.1 - 36.2 - - 35.4
BLKB84 79.3 - - - - - - - - - 46.6 47.9 - - - - - 47.3
BLKBI03 47.1 - - 51.2 47.0 - - 30.3 30.5 28.9 28.8 30.1 - - 30.4 30.9 - 30.0
BLK BI04 60.2 - - - - - - - - - 36.0 36.7 - - - - - 36.4
BLK BI07 - 61.9 - - - - - - - - - - 41.0 - - - 41.0
BNDB4M 60.0 53.3 - 70.5 60.0 56.0 - 37.1 36.8 36.5 35.9 36.6 35.5 - 37.7 37.7 37.8 36.8
BNDB7M 48.7 43.7 39.2 53.0 46.6 45.0 30.1 30.5 31.1 29.6 29.7 30.8 30.0 30.2 31.1 30.7 31.5 30.5
BNDB8M 74.0 - - 88.5 74.9 69.8 - 44.1 42.8 43.5 43.7 44.6 - - 44.5 46.8 46.9 44.6
BNDB9M - 52.0 45.4 64.5 57.4 53.8 - 35.3 34.9 34.1 - - 34.7 34.2 35.4 36.2 36.4 35.2
BND B18BM - - - - 67.7 - - - - - - - - - 42.2 - 42.2
BND B24M 80.0 - - - - - - - - - 47.0 48.3 - - - - - 47.7
BND B25M 59.1 56.3 - 70.6 62.5 - - 37.7 36.9 36.5 35.4 36.1 37.3 - 37.7 39.1 - 37.1
BND B30M 61.0 - - - - - - - - - 36.5 37.2 - - - - 36.9
BND B43M 62.1 - - - - - - - - - 37.1 37.8 - - - - - 37.5
NULB18 - - - - - 60.2 - - - - - - - - - 40.4 40.4
NUL B19 66.7 - - - - 63.7 - - - - 39.6 40.3 - - - - 42.7 40.9
NULB24 - - - 70.5 63.3 - - 37.8 36.8 36.5 - - - - 37.7 39.6 - 37.7
NULB38 62.9 59.6 52.0 72.2 64.2 60.5 38.4 38.4 37.4 37.1 37.5 38.2 39.5 38.7 38.3 40.1 40.6 38.6
NULB43 67.4 64.3 55.8 77.1 68.5 - 40.6 40.3 39.0 39.1 40.0 40.7 42.6 41.5 40.2 42.7 - 40.7
NULB77 54.3 44.5 - - - - - - - - 32.8 33.6 30.5 - - - - 32.3
NULB81 59.5 - - - 60.0 - - - - - 35.7 36.4 - - - 37.7 - 36.6
NULB88 64.6 61.7 54.9 75.4 - - - - 38.5 38.4 38.5 39.1 40.8 40.8 39.6 - - 39.4
NUL B89 - - - 53.4 47.4 - - 30.8 31.2 29.8 - - - - 31.2 31.1 - 30.8
NUL BI00 65.7 60.3 53.0 75.7 66.3 62.1 39.6 39.6 38.6 38.5 39.1 39.8 39.9 39.4 39.7 41.4 41.6 39.7
NUL BI03 - - - 77.5 - - - - 39.2 39.2 - - - - 40.4 - - 39.6
NULBI06 - - - 68.0 - - - - 36.0 35.5 - - - - 36.8 - - 36.1
MS S5W97 Bl - - 48.1 - - - - - - - - - - 36.0 - - - 36.0
MS S5W97 BJ3.1 - 57.3 51.5 - 65.0 - - - - - - - 38.0 38.3 - 40.6 - 39.0
MS S86E159 B2.1 - - - - 67.9 - - - - - - - - - - 42.3 - 42.3
MS S86E159 B7.1 - 62.9 56.2 - 64.5 - - - - - - - 41.7 41.8 - 40.3 - 41.3
MS S86E159 B7.2 - 59.1 - - - - - - - - - - 39.1 - - - - 39.1
Abbreviations: B = burial; BJ = burial jar; KPD = Khok Phanom Di; NNT = Non Nok Tha; BC = Ban Chiang; BLK = Ban Lum Khao; BND = Ban Na
Di; MS = Muang Serna; NUL = Noen U-Loke; H = humerus; U = ulna; R = radius; FM = femur; T = tibia; FB = fibula.
Gestational age estimation methods from Scheuer et al. (1980) and Scheuer and Black (2000).
Method R1.01 = (0.1724(FM) + 0.1538(T) + 0.0674(H) - 0.0718(R) + 0.1397(U) + 7.2624) ± 1.88; Method R1.02 = (0.1984(FM) + 0.2291(T) +
9.3575) ± 1.87; Method R1.04 = (0.3303(FM) + 13.5583) ± 2.08; Method R4.01 = (0.3922(FM) + 8.83) ± 1.49; Method R4.03 = (0.5524(H) +
2.7825) ± 1.24.
Gestational age estimation methods from Sherwood et al. (2000).
Method RH = (12.98 + 0.25(H) + (0.0024)(H2)) ± 2.12; Method RU = (14.28 + 0.19(U) + 0.0039)(U2)) ± 2.08; Method RR = (13.53 + 0.25(R) +
(0.0045)(R2)) ± 2.14; Method RFM = (10.91 + 0.38(FM)) ± 2.05; Method RT = (15.13 + 0.19(T) + (0.0031)(T2)) ± 2.06; Method RFB =
(14.72 + 0.21(FB) + 0.0036(FB 2)) ± 2.19.
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periods, the perinates with available long bone lengths were only from the latter. All
of the sites are located on mounds and are primarily inhumation sites, although
there is evidence for domestic and production activities (Bayard 1971; Higham
2002; Higham and Kijngam 1984; Higham and Thosarat 2004a; Pietrusewsky
and Douglas 2002a). All the Northeast sites are located in valleys of tributaries of
the Mekong River. Khok Phanom Di is a coastal site, located 22 km inland from
the present shore of the Gulf of Thailand (Higham and Bannanurag 1990). The
preservation of bone is variable among the sites. Khok Phanom Di had the best
preservation, as indicated by the high proportion of perinates (49/51, 96.1%)
with measurable long bones in the total perinatal sample compared with 44/70
(62.9%) at the other six sites (Table 1). In regard to the low numbers of small
infants at Non Nok Tha, it should be noted that although overall the preservation
of the burials was good, unfortunately, the soil conditions did not allow screen-
ing, which may have resulted in the loss of small subadult bones (Douglas
1996: 50).
Long bone lengths were measured in millimeters using the Buikstra and Ube-
laker (1994) standard with Mitutoyo digital calipers and rounded to one decimal
place. Following Tocheri et al.'s study (2005), a combination of 11 regression
equations from Sherwood et al. (2000), Scheuer et al. (1980), and Scheuer and
Black (2000) were used for the estimation of gestational age (see Table 2). The
arithmetic mean of the regression estimates was calculated to provide an overall
age estimate for each individual and used in the analysis. All individuals under 50
weeks of gestation were included in the analysis following Tocheri et al. (2005).
Data on modern age at death from the 1958 British sample were added to the fig-
ures for comparative purposes (Butler and Alberman 1969). All statistical analyses
were performed using SPSS, Version 14.0 (SPSS Inc, Chicago, IL) or STATA,
Version 9.0 (STATA Corporation, College Station, TX). The level of signifi-
cance for all tests was set at 5 percent. The independent sample z-test for propor-
tions was used to test for differences between proportions of full-term perinates,
the Kolmogorov-Smirnov test for differences in age distributions, the two sample
t-test for differences in mean gestational age, and Levene's test for differences in
spread or variability of the age distributions.
Results
Table 2 shows the lengths of the skeletal elements and estimated ages from the re-
gression equations and the mean age for each individual in the samples (n = 93).
There are no individuals under 29 weeks of gestation, meaning that all lived at
least into the third trimester of development. The World Health Organization's
definitions of perinatal status are used here. Perinates under 37 weeks gestation
are defined as pre-term or premature, those between 37 and 41.99 weeks as full-
term and those 42 weeks and older as post-term (McIntosh et al. 2003). Twenty-
four (25.8%) are premature, 58 (62.4%) were full-term and 11 (11.8%) were post-
term. Of the Khok Phanom Di perinates with measurable long bone lengths
(n = 49), a large proportion (n = 38, 77.6%) were aged as full-term, with only
three individuals aged less than 36 gestational weeks. Two of these perinates aged
under 36 weeks gestation, B (burial) 5.1 and B5.2, based on their burial context
and very similar size, were probably twins. Twins are generally smaller for gesta-
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Fig. 3. Mean gestational age at death distributions of the combined Thai perinatal sample. The
modern mortality data is plotted for comparison (Butler and Alberman 1969: 48).
tional age than singletons but have a better chance of survival compared with sin-
gletons of the same weight (Kilpatrick et al. 1996). The later sites had a total of 44
infants with measurable long bone lengths. Of these 20 (45.5%) were considered
full-term. The proportion of full-term perinates was higher at Khok Phanom Di
than the other Thai sites (differences in proportions = 0.32, 95% confidence in-
terval: 0.13 to 0.51). This difference in proportions was highly statistically signifi-
cant (p-value = 0.001).
Figure 3 shows the age at death distribution of the Thai perinatal samples and
of the modern data. There is a peak around 38 to 40 weeks gestation with most
deaths occurring from 35 to 40 weeks gestation and the distribution being skewed
toward the younger age categories. The modern data also has the majority of
deaths occurring around this time but it is more spread out, although skewed to
the younger ages.
Figure 4 shows the age at death distribution of the perinates from Khok Pha-
nom Di and the combined later Thai sites. The age at death distribution of Khok
Phanom Di is more tightly clustered around 38-40 weeks. The age distribution
of the other Thai sites does not have such a pronounced peak around this time.
There is also a higher percentage of perinatal death in the 35-37-week age cate-
gory in the other Thai samples compared with the modern data. The mean gesta-
tional age at Khok Phanom Di was 39.0 weeks (standard deviation = 2.4), and
the other Thai sites were 38.5 weeks (standard deviation = 4.3). This was not a
statistically significant difference (mean difference = 0.57, 95% confidence inter-
val: -0.90 to 2.04, p-value = 0.455). A statistical comparison of age distributions
between Khok Phanom Di and the other combined Thai sites indicates that there
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Fig. 4. Comparison of the mean age at death distributions of perinates from Khok Phanom Di and
the combined other Thai sites. The modern mortality data is plotted for comparison (Butler and
Alberman 1969: 48).
was no significant difference (p-value = 0.109). However, there was a greater
spread in the other Thai sites compared with Khok Phanom Di, a statistically sig-
nificant difference (p-value < 0.001).
Figure 5 shows that the cumulative age distribution of the combined other
Thai sites is similar to the plotted modern mortality, but deviates from the mod-
ern curve at less than 36 weeks of gestation. In comparison, the Khok Phanom Di
cumulative age distribution does not follow that of modern mortality. This is due
to the absence ofpre-term individuals less than 34 weeks and the large proportion
of deaths around 38-39 weeks.
DISCUSSION
The combined Thai sample had a high proportion of deaths occurring at full-
term. This is similar to the pattern of modern gestational age-at-birth distribution
(Hoffman et al. 1974). However, on assessing the distribution with the Khok
Phanom Di data separately it became apparent that the other Thai distribution is
similar to modern mortality. There were more perinates represented in the mid to
late third trimester in the other Thai samples compared with Khok Phanom Di.
This may indicate that there was no differentiation in inclusion in the cemetery
between premature stillbirths, live premature perinates dying after birth, and full-
term perinates dying at or around birth. The deviation of the cumulative fre-
quency distribution of the other Thai sites from the smoother modern data curve
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was probably the result of the relatively small sample from the Thai sites. Mays
(1993: 886) has acknowledged that the higher quality of medical care available to
modern newborns would result in fewer infant deaths in the first week after birth,
as well as more premature infants surviving in the postpartum period compared
with past societies. This prejudice of the comparative data may explain the higher
percentage of death between 35 and 40 weeks in the other Thai data compared
with the modern data.
In contrast with the other Thai data, the Khok Phanom Di sample had a very
high, narrow peak of death occurring around 38-40 weeks. This indicates that a
larger proportion of perinates were aged approximately 40-42 weeks, assuming
that the standards were underestimating the perinates' age by approximately one
or two weeks (Halcrow 2006). This assumption is made based on comparative
analysis that has shown Southeast Asian full-term perinates were aged on average
one to three weeks younger than their known age when using regression equa-
tions based on European perinates. The perinates at Khok Phanom Di could have
been alive for a matter of days or possibly weeks before dying. The comparative
lack of pre-term infants could mean that this part of the cemetery was set aside
especially for these full-term infants and the pre-term individuals were buried
elsewhere. Although it is also important to acknowledge preservation issues in an
archaeological context that may impact the age distribution data, especially in the
very young (Guy et al. 1997), the high quality of preservation at Khok Phanom
Di does not support the possibility that the different age distribution at this site
was the result of poor preservation.
As mentioned, the age at death distribution of the Khok Phanom Di indivi-
duals was similar to that of modern age at birth. This pattern of age distribution
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has been interpreted to indicate infanticide (Mays 1993, 1998: 66, 2003). To in-
vestigate the appropriateness of an argument for infanticide at Khok Phanom Di,
ethnographic records were considered. It is acknowledged that these texts are not
necessarily representative of conditions in prehistory as human cultures are not
static over time; therefore, any inferences are very tentative. There is a lack of
historical evidence of infanticide in mainland Southeast Asia. There is, however,
reference to direct infanticide in pre-Hispanic and early colonial Philippines (Ped-
rosa 1983). Owen (2002: 7) noted in a study of early demographic change that,
although there is evidence of "indirect infanticide" in the form of reduced nutri-
tion available to the mother and child in some Asian rural societies (Whyte 1974),
there are no references to this in Southeast Asia. Fieldwork carried out by de
Young (1963: 49) in the late 1940s, although influenced by Buddhist religion,
noted "[i]nfanticide is so unthinkable by Thai Buddhist standards that anyone
who committed it would be judged insane. The high cultural value attached to
bearing children is shown by the belief that sterility is sinful, since a sterile woman
has not been blessed by Buddha.'" The practice of infanticide is often related to
social constructions of gender worth and sex preference of children in societies
(Scott 1999). Compared with other Asian countries including China, India, Ne-
pal, and Taiwan, which have strong son preference, in present-day Thailand there
is limited sex preference for children (Knodel et al. 1987; W ongboonsin and Ruf-
folo 1994). An interpretation of infanticide in prehistoric Thailand is not sup-
ported by historical and ethnographic sources. However, it should be reiterated
that these descriptions and accounts can never tell us anything directly about pre-
historic populations.
The burial context is important -to consider in the interpretation of age-at-
death distributions. Given that the Khok Phanom Di perinates were interred in
the normal burial context it seems unlikely that they were unwanted (Higham
and Bannanurag 1990; Higham and Thosarat 1994). Boric and Stefanovic
(2004: 540-541), interpreting the high peak of death between 38-40 gesta-
tional weeks at two Southeast European sites from the Mesolithic and early Neo-
lithic, argued that infanticide was not practiced. This interpretation was supported
by evidence of the concern expressed toward the infants and pregnant women
buried at the earlier Vlasac site in terms of burial ritual. It was also suggested that
the infants at the later site of Lepenski Vir were especially selected for burial
under the floors of certain buildings. Contrary to previous theories about sacrifi-
cial burial, this was related to cultural ideas about the connections between new-
borns and houses (Boric and Stefanovic 2004: 541-543).
It could also be argued that the high number of full-term perinates at Khok
Phanom Di was the result of death during and shortly after birth. It is well known
that it is typical for a large amount of deaths to occur around this age as it is a crit-
ical transition in a baby's life (Butler and Alberman 1969; Butler and Bonham
1963; Mays 1993). This peak in death has been acknowledged in the archaeolog-
ical record as a normal occurrence (Bourbou 2003: 308-309; Jantz and Owsley
1994: 249; cf. Saunders et al. 1995). Conversely, Saunders et al. (1995) argue that
it is only when the pre-term and full-term perinates are taken together that they
constitute a high proportion of infant deaths. However, this is generally not the
case in the archaeological literature where the majority of infant deaths have
been shown to occur around full-term (Angel 1971; Boric and Stefanovic 2004;
Owsley and Jantz 1985). Jelliffe and Stanfield (1978) have noted that in tropical
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regions the main causes of death during the neonatal period were infection, birth
trauma, and pre-term birth. Ethnographic records of samai gorn in Thailand,
which refer to an unspecified time in the past and, in this case, before the advent
of medical intervention, have noted that mothers and infants often died in child-
birth (Van Esterik 1985: 147). A recent study of infant mortality in the United
Arab Emirates showed that medical treatment contributed to the dramatic reduc-
tion of infant mortality by 20 percent over a 10-year period (Dawodu et al.
2000).
Perhaps the modern mortality distributions used as interpretive references by
bioarchaeologists may be underrepresentative of mortality patterns that occurred
in the past before the advent of medical specialists and Western medicine. That
is, the perinatal mortality distribution may be more similar to the modern gesta-
tional age distribution at birth as a result of more perinates dying during birth.
This proposition is supported by epidemiological surveys that have shown that
over 70 percent of all neonatal deaths occur within the first week after birth and
that small birth weight (or prematurity) is a leading cause (Liljestrand 1999; Pre-
ston and Haines 1991). As noted; the medical care currently available to new-
borns has resulted in fewer deaths in the first week after full-term and pre-term
birth compared with the past. Mays (1993: 886) state these factors "prejudice the
comparison between the modern and the archaeological age distributions when
investigating the possibility that the archaeological burials represent mainly infants
dying of natural causes in the immediate post-natal period." It should be noted,
however, that the combined Thai data (excluding Khok Phanom Di) does follow
the modern age at death distribution more closely, which lends support to the
appropriateness of the use of these data for comparison. However, there are still
more deaths of perinates in the 35-37- and 38-40-week age categories compared
with the modern data, which may represent a higher risk of death in the immedi-
ate postpartum environment prior to the advent of modern medical treatment.
It is interesting that a number of studies, which present infant mortality data,
also show a similar age distribution to Khok Phanom Di where about 70 percent
of the perinates died between 38-40 weeks and 20 percent died between 35-37
weeks. These include samples from Roman-period Britain, Late Roman Israel,
Middle Helladic period in Greece, the Mesolithic-Neolithic transition in South-
east Europe, and post-Contact Arikara Indian populations in North America
(Angel 1971; Boric and Stefanovic 2004; Gowland and Chamberlain 2002: Figure
1; Ingvarsson-Sundstrom 2003; Mays 1993, 2003; Owsley and Jantz 1985). This
is not to say that the argument of infanticide having occurred at the Romano-
British sites is not substantiated (Mays 1993, 2003). Rather, the lack of evidence
of intentional killing of the young in Southeast Asian societies and the observa-
tion of this type of age distribution pattern in culturally and temporally diverse
places support the idea that infanticide was generally not practiced in the prehis-
toric populations represented in this study.
Archaeological samples with high young adult female and infant mortality have
been used as evidence for complications in pregnancy and childbirth (e.g., Joyce
2001: 18; Tocheri et al. 2005: 337). There was no evidence of an increased young
adult female mortality at Khok Phanom Di (Domett 2001; Tayles 1999). Noen
U-Loke, which also had a high number of perinatal deaths around the time of
full-term, did not have evidence for an increased level of young adult female
death (Tayles et al. 2007). Pregnancy complications, such as toxemia and pre-
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mature rupture of the membranes and postpartum complications, such as hemor-
rhage, do not leave evidence on the skeleton (Slaus 2000). The only direct evi-
dence for death having occurred during childbirth is perinatal remains in the pel-
vis of an adult female and it is very rare to find such cases in archaeological
samples (Arriaza et al. 1988; Boric and Stefanovic 2004; Owsley and Bradtmiller
1983). At Khok Phanom Di there were two cases of newborn individuals buried
at the shoulder of an adult female, possibly representing death in childbirth (Fig.
6).
As stated there was a lack of pre-term perinates at Khok Phanom Di. An
appealing argument is that the peak around full-term was the result of pre-terms
Fig. 6. In situ photograph of a full-term perinate (burial 48) buried alongside an adult female (burial
47) from Khok Phanom Di. This could possibly represent a perinate and mother who died from
complications during or following childbirth. (photograph courtesy of C.F.W. Higham)
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being buried elsewhere. To entertain this argument the perinates that died before
35 weeks of gestation are omitted from the modern mortality data and compared
with the Khok Phanom Di age distribution (Fig. 7). This results in a higher peak
of mortality from 38-40 weeks in the modern mortality data. However, the peak
of mortality around 38-40 weeks is still greater in the Khok Phanom Di sample,
indicating that, in addition to premature perinates being buried elsewhere, there
is a selection of these full-term infants at least in the part of the cemetery that was
excavated.
Cultural ideas relating to an individual's age as evidenced through grave wealth
or mortuary treatment can be considered when interpreting age distributions in
cemetery populations. Although, it has been acknowledged that there are some
problems with an approach that ascribes differing mortuary treatment to different
status during life, often there are few alternatives (Parker Pearson 1982; Ucko
1969: 266-268; Wason 1994). Although there are some conflicting interpreta-
tions of the changes in social organization that occurred in the Bronze Age in
prehistoric Southeast Asia (Higham 2002; O'Reilly 1999, 2001, 2003; White
1986, 1995), there is evidence of changes in burial treatment of the young over
time. It has been suggested that familial ties were important at Khok Phanom Di
(Higham 1989: 39; Higham and Thosarat 1994: 110). However, this is more ap-
parent in terms of infant burial goods in the later sites (O'Reilly 1999; Talbot
2002). For example, at Ban Lum Khao and Noen U-Loke infants were not
excluded from the usual burial practices and were sometimes given high ex-
penditure of wealth (Hudson 2002; O'Reilly 1999: 262; Talbot 2002). Talbot
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(2002: 86) states that although the difference between subadult and adult burials
were the most notable distinction in terms of wealth in the cemetery in the earlier
graves, "a more complex social structure evidenced by the emergence of espe-
cially rich subadult burials" occurred over time. Therefore it could be argued that
the exclusion of pre-term infants at Khok Phanom Di was a cultural phenome-
non. With the increased emphasis on ascribed status, as evidenced in the archaeo-
logical record in the later prehistoric communities (O'Reilly 1999: 262; Talbot
2002), infants born into a particular family may have had social standing even if
they were stillborn or died at or shortly after birth.
A comprehensive comparative study of burial treatment of young infants
among the sites has not been undertaken in Southeast Asia. Although the aim of
this article is not to do so, a brief comparison of whether or not infants were in-
terred in jars highlights a possible temporal or diachronic difference in the mor-
tuary treatment among the sites (Douglas 1996; Higham and Kijngam 1984;
Higham et al. 2007; Pietrusewsky and Douglas 2002a; Pureepatpong 2001).
This survey of infant mortuary treatment is far from exhaustive, however, it
contributes to understanding the differences in the age at death distributions
among the sites. While acknowledging that Khok Phanom Di and only a small
sample (n = 9) of infants at Non N ok Tha were the only sites with infants repre-
sented in pre-metal times, it was uncommon for these infants to be buried in
jars. It is interesting that only one subadult was buried in a mortuary vessel at
Khok Phanom Di. This was an infant of about 16 months of age in a later mortu-
ary phase of the site. This pattern of perinatal burial custom meets a dislocation in
the later sites where the majority of the infants, including pre-term, full-term, and
post-term individuals, were buried in jars (Fig. 8). This difference in burial rites
for the infants at Khok Phanom Di also hints at a cultural difference that could
account for the underrepresentation of pre-term infants at this site (Hudson
2002).
Archaeologists have related the differentiation of infants in mortuary practices
to the idea of becoming a recognized member of society. Hudson (2002: 74)
alluded to this difference in infant burial practices between Khok Phanom Di and
the later sites. She noted that, although there was a widespread differentiation of
infant burial rites among the sites, there were indications that the concept of the
individual was different for Khok Phanom Di. For example, at Khok Phanom Di
there was a distinctive threshold in terms of life stages that came after surviving
for about the first month from birth; after this it was more likely that infants
were interred with grave goods (Hudson 2002: 74). The perinatal infants at Khok
Phanom Di were differentiated in the mortuary context by the lack of grave
goods, which has been interpreted as their liminal status in the community
(Higham and Thosarat 2004b; Hudson 2002: 66). This, Hudson has explained
(2002: 67), may be tied to beliefs about the concept oflife or the vulnerability of
the individual at this age somehow becoming associated with the category of in-
dividual. It could be similarly argued that the pre-term perinates at Khok Phanom
Di were given different mortuary treatment and/or buried somewhere different as
they had not reached a certain threshold of personhood in the community or
were considered of different status than the full-term perinates.
This differentiation of mortuary treatment of the very young has been shown
at a cemetery site on the Island of Sal in the Sudan. Murial et al. (2004: 275-276)
Fig. 8. Infant jar burials from Noen U-Loke. Left: full-term infant (burial 100); right: pre-term infant (burial 89). (Photographs courtesy of
C.F.W. Higham)
394 ASIAN PERSPECTIVES . 47(2) . FALL 2008
have noted that the biological age of the subadults was closely related to their so-
cial age. Similarly to the situation at Khok Phanom Di, it is not until a later age in
infancy that they received similar burial treatment to the adults. Similar findings
have been observed at the site of Vlasac in Southeast Europe where far more
elaborate burial rituals were carried out for older infants compared with full-term
perinates (Boric and Stefanovic 2004). This was interpreted as differing stages
of social embodiment being related to biological age (Boric and Stefanovic
2004: 540). This appears to be a universal phenomenon in human societies where
different cultural divisions are recognized and linked to different physiological
stages. As Levine (1998: 113) states "every culture has a conceptual division of
the life course into stages linked roughly or precisely to age and imputed matura-
tional capacities, with associated social responsibilities and stereotypical psycho-
logical characteristics. Something equivalent to infancy and childhood stages
seems to be universal, although the number of age linked partitions and their
meanings vary considerably."
Although speculative, a possible explanation for differing burial rites attributed
to the pre-term perinates at Khok Phanom Di (because very pre-term infants do
not live more than a few hours after birth), is that the infants needed to live for a
certain period of time out of the womb before they were given certain burial rites.
This has been documented in historical records from pre-Christian Rome where
babies under nine days old were not grieved over nor buried in the cemeteries
(Soren and Soren 1995: 43-44). Steel (1995: 200) has interpreted the lack of en-
ergy in terms of burial ritual and wealth for infant and perinatal remains in Iron
Age Cyprus as an indication that these individuals were not viewed as members
of the community. Patel (1994) noted that in a contemporary Rajasthan village
in India when an infant dies there is a lack of elaborate ritual. This was attributed
to the fact that infants had not acquired the social personality or status that adults
have in that society (Patel 1994: 142). Contrary to this finding, Meskell's (2000)
research at the New Kingdom Egyptian worker's village of Deir el Medina
argued that infants, full-term and premature perinates, were perceived as part of
the community. Meskell (2000: 425) states, citing Feucht (1995: 94), "while al-
ready in the womb, the unborn child was considered a living being and as such
required protection in the social realm." Furthermore, different burial treatment
and place of burial have been noted in various studies. For example, in the
Ashanti Hinterlands on the Gold Coast of Africa infants under eight days of age
were buried in pots in the town center, while in some tribes in the region there
was an absence of burial ritual for these babies (Ucko 1969: 271).
Literature pertaining to infant burial practices in traditional communities in
Southeast Asia is limited. Although there are problems with using ethnographic
texts as analogies for prehistoric communities, in that there is an underlying as-
sumption that little cultural change has occurred between the prehistoric time in
question and the modern societies on which the ethnographies are based, they
can be of value when no other sources of evidence are available. An ethnographic
text on burial custom and funerary rites in northern Thailand written in 1967
alluded to the fact that death of a child during birth is viewed as a bad form of
death, and that there were no burial rites given to a mother who died during
childbirth (Anusaranasasanakiarti and Keyes 1980). If the child also died in birth
it was taken and buried with the mother. It is important to note, however, that
this account was based on Buddhist rituals. The burial rituals given to a two-
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month-old baby in a village in Lawa, Northwest Thailand have been recorded in
an ethnographic account (Kauffmann 1980: 100). Kauffmann stated that he was
surprised to find the little coffin and evidence that it was going to receive a grave
hut because he "thought that little children were buried without circumstance"
(100). This comment, although indicating that subadults were attributed burial
rites, may also be read to suggest that other infants this age or younger were sel-
dom given burial rites and corroborates the preceding arguments regarding the
possibility of differential treatment of pre-term infants. It is clear that there are
difficulties with using modern information on mortuary ritual to tell us about the
past and further archaeological analysis is needed to gain a better understanding of
prehistoric infant burial rites in this area.
It seems that the lack of pre-term perinates at Khok Phanom Di may have been
the result of a different burial custom compared with the other sites. There are a
limited number of archaeological sites from the pre-metal period in Southeast
Asia with which to compare these findings. The pre-metal inhabitants at the
Northeast Thai sites of Ban Non Wat and Ban Chiang practiced interring perina-
tal individuals in burial jars. This may represent a regional cultural difference in
infant burial practices. It has been noted that there was only one infant found at
Ban Kao, a Neolithic site in Central Thailand. This may indicate that infants
were buried elsewhere from the adults, which may imply differential mortuary
treatment (Higham 2002: 105). Pietrusewsky and Douglas (2002: 179) included a
discussion on the subadult burial jars of Ban Chiang and other comparative sites in
Central and Northeast Thailand. They suggest that there may have been an age-
related pattern in jar burials at Ban Chiang and that this changed over time (Pie-
trusewsky and Douglas 2002: 179). Overall there was a general "lack of unifor-
mity" in infant burial treatment among different sites in Thailand (Pietrusewsky
and Douglas 2002: 179). Regional distinctions in infant burial practices have
been found in the South Deccan Neolithic in India and attributed to local cul-
tural circumstances (Raczek 2003). Raczek (2003: 250) stated "[b]y performing
burial rites in socially prescribed ways, surviving members of society-family,
neighbors, or other representatives of the deceased's community-show support
for upholding social structures".
This hypothesis of different infant burial rites between Khok Phanom Di and
the other Thai sites fits with the previous interpretation by Pietrusewsky and
Douglas (2002: 254) of a distinct cultural and genetic population at Khok Pha-
nom Di compared with the Northeast sites of Ban Chiang and Non Nok Tha.
The genetic difference is supported by a number of observations including the
comparative absence of evidence of thalassemia at the Northeast sites compared
with Khok Phanom Di, multivariate comparative analysis of cranial metrics (Pie-
trusewsky 1988), and the significantly smaller size of the adult individuals at Khok
Phanom Di (Domett 2001; Pietrusewsky and Douglas 2002: 254). That the
Bronze Age cemetery represented at Nong Nor had infant burial jars and the ap-
pearance of an infant burial jar near the end of the mortuary sequence at Khok
Phanom Di hint that at this time there was an adoption or integration of immi-
grant's ideas including infant burial practices into their existing social fabric.
Further research into this issue is needed as it can potentially contribute toknowl-
edge on pertinent topics including the adoption of agriculture, trade, and migra-
tion at this important time in prehistoric Southeast Asia. Comparative research by
Anne-Sophie Coupey and Jean-Pierre Pautreau of mortuary ritual for infants and
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children in Thailand and other Southeast Asian countries being undertaken con-
currently with this study will be useful for this purpose.
The question remains of the contribution of excavation sampling bias to the
age at death results. Even if the narrow age at death distribution around full term
at Khok Phanom Di is the result of excavation bias, which is likely given the
small area that was excavated (10 x 10 sq. m), it still indicates that the perinates
were given differential treatment in that they were buried in a different part of
the cemetery.
It could be argued that the high number of deaths were a result of a high stress
environment at Khok Phanom Di. However, in this case there would also be
high pre-term mortality. Although not discounting that the individuals at Khok
Phanom Di did experience a high amount of stress, this argument alone does not
explain the deficiency of pre-term individuals at the site. A consideration of this
point is important for the study of health and disease as the exclusion of the pre-
term perinatal individuals may mean that the documented high infant mortality
reported at Khok Phanom Di may in fact have been even higher (Tayles 1999).
CONCLUSIONS
Although no definitive statements could be given to explain the comparatively
high number of full-term perinates at Khok Phanom Di, the inclusion of these
infants in the normal realms of burial ritual indicate that infanticide was unlikely
to have been practiced. Unfortunately, without using destructive methods we are
unable to differentiate between perinates that were stillborn or that died soon af-
ter birth. It seems unlikely that premature deaths occurred at a lesser rate at Khok
Phanom Di. Rather, the premature infants were probably buried outside the area
excavated, suggesting a possible cultural difference in terms of burial practices
compared with the Northeast sites. With the increasing amount of archaeological
investigation a wealth of knowledge on social aspects of Southeast Asian prehis-
tory is beginning to emerge (Chang 2001; Higham 2002; O'Reilly 1999, 2001,
2003; Talbot 2002; Vincent 2004; White 1986, 1995). An important topic not
investigated in detail to date is a comparative study of infant burial practices. A
brief survey of the infant burial rites at these sites reveals a lack of burial jars at
Khok Phanom Di compared with the later sites. This lends further support to the
possibility that a cultural difference in burial practice existed. This study illustrates
not only the merits of using archaeological information on social organization for
bioarchaeological interpretation but also that social information can be gleaned
through the study of human remains. Further multidisciplinary research in prehis-
toric Southeast Asia, including the study of human biology and cultural remains,
is needed to test this tentative interpretation of proposed cultural differences be-
tween Khok Phanom Di and the Northeast Thai sites at this important time in
Southeast Asian prehistory. Contrary to the opinion of Leach (1973) it is clear
that this "black box" of social information about the past is far from sealed.
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NOTE
1. For the purposes of this paper perinatal and perinates refer to pre-term, full-term and post-full-
term individuals under the age of 50 weeks gestation.
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ABSTRACT
Important infortnation on demography, epidemiology, inter-population differences
in growth, infant burial practices, and social aspects of the community can be
gleaned from the study of perinatal bones. The increasing number of perinates
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unearthed from prehistoric sites in Southeast Asia provides a rare opportunity to in-
vestigate these issues. The high number of full-term infants represented at the site of
Khok Phanom Di in Central Thailand (4000-3500 B.P.) remains an enigma. This is
an important issue for bioarchaeologists as infant mortality patterns are sensitive ba-
rometers of the health and fertility of a population. This study investigated the peri-
natal age distributions of several chronologically spread sites in prehistoric Southeast
Asia with differing subsistence modes and evidence of social complexity. Results
show that the age distribution in the collection from Khok Phanom Di is different
from the other skeletal samples, with a comparatively higher number of full-term
perinates represented. Explanations including infanticide, issues of health and dis-
ease, and infant burial practices are considered. It seems likely that the age distribu-
tiofl results from different burial rites of pre-term infants as a consequence of social
and cultural differences between Khok Phanom Di and the other sites. This study
emphasizes the important contribution bioarchaeological research and the compara-
tive study of infant burial rites can make in understanding aspects of social change in
prehistoric communities. KEYWORDS: bioarchaeology, infant burial practices, perina-
tal age at death distributions, prehistoric mainland Southeast Asia, social organiza-
tion.
